The objective of this study was to estimate the overall prevalence of animals that were infected with Mycobacterium avium ssp. paratuberculosis in a subpopulation of Alabama beef cattle. This was determined using a commercial enzyme-linked immunosorbent assay (ELISA) for the detection of M. avium ssp. paratuberculosis-specific antibodies in serum. Serum was collected from 79 herds that were participating in the Alabama Brucellosis Certification program. A total of 2,073 beef cattle were randomly tested by selecting 30 animals per herd in herds greater than 30 and selecting all animals in herds 30 and less for testing. It has been estimated that the commercial ELISA test used has a 60% sensitivity and a 97% specificity. Of the 79 herds tested, 29 herds were seronegative, 24 herds had 1-2 positive animals, and 26 herds had 3 or more seropositive animals. The average number of infected animals per positive herd was 3.3. In addition, a calculated minimum of 53.5% of the herds were identified as Johne's positive herds with a 95% confidence level. Of the total number of animals tested, 8.0% (166/2,073) of them were positive by the ELISA. After adjustments for test sensitivity and specificity and the proportion of animals sampled per herd, the true prevalence was calculated to be 8.75%. These data suggest that approximately 50% of the herds are infected with M. avium ssp. Paratuberculosis, and the overall prevalence of infection in Alabama beef cattle is approximately 8%, which correlates with other previously published regional estimates.
Johne's disease is an infectious, granulomatous enteritis caused by the host immune response to an infection with the bacterium Mycobacterium avium ssp. paratuberculosis. Clinical signs in ruminants initially may include intermittent diarrhea but progress to extreme diarrhea with severe weight loss resulting in death. The bacteria are generally transmitted via the fecal-oral route (through either contaminated food or water) or by the ingestion of infected dams' milk. Newborn calves under 1 month of age are the most susceptible to infection by either route. 13 Johne's disease can be economically draining to beef and dairy cattle producers. 8 Johne's disease is widely distributed, having been diagnosed in beef and dairy herds throughout the United States and on every populated continent in the world. As more is learned about its prevalence and the significant economic impact it has on infected herds, efforts are being made to understand and control this disease. 4, 17 Some scientists also believe M. avium ssp. paratuberculosis may play a pathogenic role in humans with Crohn's disease. 5, 9, 12 In the United States, recent efforts have been made to establish a control program and to educate producers, concerned industry groups, involved government employees, and veterinarians about the risks and im- Recent surveys have been conducted to estimate the current prevalence of Johne's disease in the United States both regionally and nationwide. Regional studies have indicated that the prevalence of M. avium ssp. paratuberculosis-infected dairy animals is between 4.79% and 18.0% [1] [2] [3] 6 and that of infected beef cattle is between 4.4% and 8.6%. 1, 2, 18 Nationwide studies have suggested much lower prevalence rates of 0.4% and 0.8% in beef cattle. 7, 11 In an effort to describe the importance of Johne's disease to Alabama beef herds and to aid in educating Alabama beef producers on the merits of establishing an Alabama Voluntary Johne's Disease Herd Status Program, this study was designed and conducted to estimate the overall prevalence and the herd prevalence of Johne's disease in a subpopulation of Alabama beef cattle, the Alabama Brucellosis Certification program beef herds.
Materials and methods
Sample source. Samples were obtained from the C. S. Roberts Alabama State Veterinary Diagnostic Laboratory, Auburn, Alabama through the Alabama Brucellosis Certification program. At the time of this study (1998) (1999) , the Alabama Brucellosis Certification program had a total of 245 participating beef herds that contain 19,513 qualified testaged animals. All animals eligible for testing in this program were over 18 mo of age or preparturient or postparturient. The beef cows in this program represented 2.37% (19,513/ 822,000) of the total beef cows in Alabama and 1.28% (19,513/1,530,000) of the total Alabama cow population (National Agricultural Statistics Service, Alabama cattle and calves inventory, Montgomery, AL: United States Department of Agriculture, 1998).
Data collection. All relevant cow and herd information (herd size and county) was supplied by the C. S. Roberts Veterinary Diagnostic Laboratory, Auburn, Alabama. The information was drawn from records taken by herd owners and the accredited veterinarians. Individual herd information such as address and owner identification was not collected.
A 2-stage sampling process was used to select samples from the population. The first stage involved the collection of the herds that were obtained during 2 periods: October through November 1998 and April through May 1999. During these periods, 79 herds were collected in their entirety for this survey, 37 herds in the fall of 1998 and 42 herds in the spring of 1999 that included 7,223 animals (4,466 and 2,757, respectively). Serum was drawn by accredited veterinarians, shipped to the state laboratory, separated, and refrigerated for 1-3 days. After the samples were tested for Brucellosis, 0.5-2.0 ml of each sample was transferred to sterile plastic tubes and stored at Ϫ80 C.
The second stage of the sampling process involved selecting individual samples to be tested from each collected herd. A computerized random numbers generator was used to select 30 samples from each sufficiently large herd. All animals were selected from herds of 30 cows or less.
Serum antibodies were detected using a commercial Mycobacterium avium ssp. paratuberculosis antibody test kit a according to the manufacturer's recommendations. Test sensitivity and specificity were reported by the manufacturer to be 60% and 97%, respectively. a The testing was performed with an updated kit that involves the absorbance of crossreactive Mycobacterium phlei antibodies. a Absorbance was measured with an enzyme-linked immunosorbent assay (ELISA) 96-well plate reader at a wavelength of 635 nm. Each plate contained 2 positive controls, 2 negative controls, and 92 samples. Sample to positive (S/P) ratios were cal-culated to determine the positive or negative status of each sample by using the formula described by the manufacturer and represented as Eq. 1, a
where SA is the absorbance of the test sample read by an ELISA reader at 635 nm. NCx is the negative control mean and PCx is the positive control mean, both of which were calculated for each plate. Samples with a calculated S/P ratio greater than or equal to 0.25 were considered positive and less than 0.25 were designated negative, as defined in the protocol.
Statistical analysis. The overall test prevalence of M. avium. ssp. paratuberculosis was found using a point estimate of the number positive divided by the number tested. This value was then adjusted to find the appropriate p. p represents the estimated proportion (prevalence) of all positive animals, which takes into account variability due to the different herd sizes tested and is defined in Eq. 2, 10
where N h is the size of herd 1 and p 1 the proportion of positive cows in herd 1 (the point estimate for individual herd prevalence). The variance (var) used in defining the 95% confidence interval was then found for p by the use of Eq. 3, 10
where N 1 is the size of herd 1, n 1 the number tested from herd 1, p 1 the proportion of positive cows in herd 1, and T the total number of cows in all the 79 beef herds tested. The test prevalence (TP) (in this case p) was adjusted to compensate for the lack of sensitivity (Se) and specificity (Sp) of the ELISA test. Eq. 4, 15
gives the true overall prevalence (P) of seropositive animals in the tested population. Herd prevalence was found by using the point estimate (number of herds positive/number of herds tested) to estimate the proportion of infected herds in the test population. The lower bound of a 95% confidence interval for this value (H) was calculated using the Fischer's test in Eq. 5, 19
where X is the number of herds without any seropositive animals, B the number of herds tested, and F is Fischer's with a 5% probability of error. The degrees of freedom, v1 and v2, are defined as 2(X ϩ 1) and 2(B Ϫ X), respectively. 
Results
A sample composed of 79 herds (32.2%) was taken from the 245 beef herds in the 1998-1999 Alabama Brucellosis Certification Program. From this sample, 2,073 animals were tested in singlet for antibodies against M. avium ssp. paratuberculosis by ELISA. The average herd size for the sampled herds was 92, ranging from 6 to 635 animals per herd.
Of the 2,073 animals tested, 166 were determined to be seropositive. The estimated test prevalence from the test population was calculated to be 8.01% (166/ 2,073). The estimated proportion (2-stage sampling estimate) expressed as a percentage with a 95% confidence level (Eqs. 2 and 3) for this value was found to be 7.99 Ϯ 1.5%. This value, the test prevalence (TP), was adjusted with Eq. 4 to take into account the sensitivity (Se) and specificity (Sp) levels of 60% and 97%, respectively, of the test. The true prevalence (P) of cows with antibody to M. avium ssp. paratuberculosis in the Alabama Brucellosis Certification program was calculated to be 8.75 Ϯ 1.5%.
Herd prevalence was also estimated. Of the 79 herds tested, 50 were found to have at least 1 positive cow that gives a point estimate of 63.3% (50/79). The data were adjusted in Eq. 5 to allow an estimate of the lower bound of the confidence interval to be made with 95% confidence. The resulting value indicated that the overall herd prevalence is minimally 53.5%. It should be noted that in this calculation all test positive herds were assumed to be positive. No consid-eration was given for the potential of false-positive herds using this equation.
To give a relative comparison of the number of animals that tested seropositive per herd, data is presented without statistical confidence in Table 2 . Roughly one third of the herds were seronegative, one third had 1-2 positive animals, and one third had 3-12 seropositive animals. The average number of positive cows per infected herd was 3.3 (166/50).
The statewide distribution of the 79 herds collected and tested ( Fig. 1 ) appeared to approximate the statewide distribution of the 245 beef herds in the Alabama Brucellosis Certification program. The distribution of these herds, in turn, appeared to represent the distribution of all cattle herds in Alabama. Thus, without a statistically confident comparison, the statewide distribution of each subset of herds appeared to be similar.
Discussion
The results of this survey suggest that antibodies against M. avium ssp. paratuberculosis can be found in at least 8.75 Ϯ 1.5% of the cattle in the Alabama Brucellosis Certification program and that there is 1 seropositive animal in at least 53.5% of these herds. This indicates that infection is widespread and that there is a low number of animals in a given infected herd that are seropositive. This also correlates with the average number of infected animals per infected herd (3.3) .
In this study, individual serum samples were randomly selected from each of the 79 collected herds. How- ever, the herds were not selected at random from the population of concern, Alabama beef cattle. They were selected from the Alabama Brucellosis Certification program because these serum samples were readily available. Although techniques to obtain a random cross-section of this population could not be implemented, the procedure followed (using 2 seasonal collection periods) hopefully reduced some biases that might be present due to herds that calve predominantly in the spring versus another time of year, different seasonal management practices, herd differences due to climatic influences on the health of the animals, survival of the bacterium in the environment, or other variables. It can only be speculated that the subpopulation tested accurately represents the population of concern. However, the herds of the total Alabama cattle population, the Alabama Brucellosis Certification program beef herds, and the herds that were actually tested do have similar geographical distributions (Fig. 1) .
Each herd of a large enough size contributed 30 random samples to be tested, and herds of 30 or less were tested in their entirety. Testing 30 samples from a population of any size with a perfect test will detect 1 positive animal with 95% confidence (at least 1 positive animal will be selected from a group of 30 at least 95% of the time) if the prevalence of the detectable disease is at least 10%, regardless of population size. The formula, (Y ϭ log(0.05)/log(1 Ϫ preva-lence)), 14 can be used to determine the sample size, or it can be calculated by longhand, which is easily done. If, for instance, the prevalence of the detectable disease is known to be 10%, a level of 95% confidence that at least 1 positive animal in the herd will be selected can be obtained using the following logic. If 1 animal is tested, there is a 90% chance it will be negative (100% total Ϫ 10% prevalence). If 2 animals are tested, there is an 81% chance they will both be negative (90 ϫ 90%). This continues until 29 animals are tested, and there is only a 4.2% chance that they will all be negative, hence a 95.8% chance that at least 1 of the positive animals will be selected. For convenience, the number of animals tested is generally 30.
Variations in estimates for overall prevalence have not been consistent between regional and nationwide studies. Southeastern regions of the United States and California have report prevalence estimates between 4.4 and 8.75%. Nationwide surveys have suggested a much lower overall prevalence between 0.4 and 0.8% (Table 1 ). If all these surveys were well conducted and gave an indication of the actual prevalence in the given areas, they suggest that portions of the country not represented by any of the regional surveys but sampled by the national surveys have very low prevalence rates. In addition, adjusting the test prevalence determined by ELISA requires that a value for sensitivity be determined. The sensitivity of the ELISA test used in this study has been reported to vary from approximately 15-87%, depending on recognition of clinical disease and shedding. 16 If lower values for sensitivity (Ͼ60%) were used the estimated animal prevalence would be higher. Future surveys of beef cattle in the midwestern, Rocky Mountain, and New England states would help give a better picture of Johne's disease in the United States as a whole.
The prevalence estimate reported in this survey should be considered a conservative estimate for the presence of M. avium ssp. paratuberculosis-infected beef cattle in the Alabama Brucellosis Certification program ( Table 2 ). It has been recognized that anti- The findings of this study suggest a high herd prevalence and a substantial overall prevalence of Johne's disease. These data are supported by other regional beef survey results but not by either of 2 US beef surveys. Differences may be due to the different tests used, populations sampled, survey designs, and uses of statistical analyses. These data provide support to the growing national concern for the effects of Johne's disease and the future of US beef herds.
Due to the insidious nature of M. avium ssp. paratuberculosis in cattle, which is manifested in its capacity to infect multiple animals in a herd over a period of years without showing signs, more than a nominal effort will be required to control this disease. Repeated whole herd testing and culling will be necessary to control Johne's disease regionally and to eliminate M. avium ssp. paratuberculosis from individual herds.
A major hurdle to future successful control programs will be in educating the cattle producers. A survey of beef producers conducted as part of the National Animal Health Monitoring System (NAHMS) Beef '97 Study showed that 69.9% of producers had never heard of Johne's disease, 22.3% recognized the name, and only 7.8% knew any details about the disease. 7 To control this disease, whether in a herd, regionally, or nationally, efforts must be made from multiple constituents. Funding for education may come from national and regional programs, but efforts to implement test/cull programs with the intention of Johne's eradication or control will need to come from the local level. This must include a strong endeavor by veterinary health officials and local veterinarians to educate herd owners so they can decide if controlling Johne's disease in their herds is important. The herd owners are the single most important component of any Johne's control program due to the extra efforts they must put forth to keep up with records, deal with newly implemented Johne's disease herd status program regulations, and probably pay for the testing of their herds for a disease that has little apparent significance to them. The prevalence of Johne's disease indicated in this study suggests that this disease has a significant effect on animal health in Alabama beef cattle and therefore warrants herd owner participation in an efficacious Johne's disease control program.
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